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Background: Demand for complete denture treatment is expected to rise over several decades. However, to date,
no questionnaire on complete dentures, as evaluated by edentulous patients, has been shown to be reliable and
valid. This study sought to assess the reliability and validity of Patient’s Denture Assessment (PDA), which provides a
multidimensional evaluation of dentures among edentulous patients.
Methods: Patients, who had new complete dentures fabricated at the University Hospital of Dentistry, Tokyo
Medical and Dental University through 2009 to 2010, were enrolled. The reliability of the PDA was determined by
examining internal consistency and test-retest reliability. Internal consistency for all of the question items and the
six subscales was measured using Cronbach’s α and average inter-item correlation coefficients among 93
participants. For 33 of these participants, test-retest reliability was determined at a 2 month-interval using the
interclass correlation coefficients (ICCs) and 95% confidence interval for the summary scores and the six subscale
scores. The PDA was validated in 93 participants by examining the difference in the summary score and the six
subscale scores of the PDA before and after replacement with new dentures by the paired t-test. Ability to detect
change was also tested in 93 patients using effect size.
Results: The Cronbach’s α for the PDA ranged from 0.56 to 0.93. The average inter-item correlation coefficients
ranged from 0.28 to 0.83. ICCs for the PDA ranged from 0.37 to 0.83. The paired t-test showed a significant
difference between the summary score and the six subscale scores before and after replacement with new dentures
(p < 0.05) and the effect size was 0.97.
Conclusions: The PDA demonstrated good reliability by assessing internal consistency and test-retest reliability. In
addition, the PDA demonstrated good validity by assessing discriminant validity. Thus, the PDA could help dentists
obtain a detailed understanding of the patients’ perceptions in using their dentures.
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In recent years, the National Epidemiological Survey data
have revealed a decline in the proportion of edentulous
people. However, given the simultaneous decline in the per-
centage of edentulous people and increase in the number
of older people, the number of people requiring complete
dentures in the United States is predicted to increase over
the next 20 years [1]. Thus, the need for complete denture
treatment is likely to remain substantial [2].
Patient-reported outcome measures, as recommended
by the United States Food and Drug Administration, is a* Correspondence: m.kanazawa.gerd@tmd.ac.jp
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article, unless otherwise stated.growing area within research [3], and the impact of
treatment on patients has been attracting attention. This
is also the case for prosthetic treatment: the success of
complete denture treatment does not depend on the as-
sessment by the dentist, but on patient self-assessment
results. The patient self-assessment is an inexpensive
and economical method with which to measure the suc-
cess of the denture and can yield a large amount of data
in a short period of time.
Patient satisfaction is rated using a questionnaire that
is assessed via a Likert scale or the 100-mm visual
analogue scale (VAS). Some patient satisfaction evalu-
ation methods depend on only one question [4,5], and it
is likely that such evaluations may not be reliable. Forentral Ltd. This is an Open Access article distributed under the terms of the
/creativecommons.org/licenses/by/2.0), which permits unrestricted use,
, provided the original work is properly credited. The Creative Commons Public
mons.org/publicdomain/zero/1.0/) applies to the data made available in this
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the dissatisfaction was caused by the lower or upper
denture. In addition, patient satisfaction is usually not
based on one factor, but on many factors, such as taste,
ease of chewing, comfort, retention, pain, fit and aesthet-
ics. Taking those factors into consideration, other evalu-
ation methods have been introduced that comprise
several questions to permit the multidimensional evalu-
ation of patient satisfaction [6-9]. Limitations of these
questionnaires are the lack of reliabilities and validities.
On the other hand, in prosthetic treatment, one of the
most widely used evaluation tools for measurements of
oral health related quality of life (OHRQoL) is the Oral
Health Impact Profile (OHIP). This instrument has been
translated into many languages across the globe [10-16],
which has allowed for comparisons of reliability and val-
idity between OHIP in different regions. The OHIP as-
sesses the impact of oral conditions on the quality of life
using a frequency estimation of the disruption, such as
dysfunction, discomfort and disability, in daily activities.
Thus, negative-oriented measures composing the OHIP
may be unable to capture positive changes in patients
with no negative impacts recorded at baseline because
the absence of a negative does not necessarily imply a
positive [17].
Consequently, it is necessary to establish a multidi-
mensional patient self-assessment specific to dentures
that can capture both positive and negative denture-
related effects and have reliability and validity. We first
developed a questionnaire for the self-assessment of
complete dentures [18] referred to as the Patient’s Den-
ture Assessment (PDA). The PDA was developed from
an original questionnaire that is a subjective assessment
about oral, physical, and psychological conditions on
daily functioning. In the PDA, some question items con-
tain quality of life similar to the OHIP, but the PDA is
absolutely assessment of dentures in themselves. More-
over, the PDA is the bipolar design, which could capture
both negative and positive impacts on the patients. The
conceptual of framework established for the PDA is in
the following. The purposes of complete denture treat-
ment are recoveries of three major functions; chewing,
speech, and aesthetics. This three functions influence
acceptances and expectations for dentures, which have
impacts on patients’ perceptions, consciousness and feel-
ings of dentures. The PDA assesses these impacts of
complete denture treatment on the patients’ perceptions,
consciousness and feelings of dentures. From the clinical
point of view, the PDA will be used for the diagnosis,
prognosis, and comparing the efficacy of prosthetic
treatment. For example, if the association between the
PDA scores before treatment and outcomes after treat-
ment, such as numbers of denture adjustment, length of
denture survival and denture survival rate is assessed,the difficulties of treatments and longevities of dentures
as prognosis will be predictable from the PDA scores at
pre-treatment diagnosis. However, at this point, reliabil-
ity and validity of the PDA has not been confirmed yet.
Thus, the purpose of this study is to demonstrate that
the PDA was a reliable and valid instrument for applica-
tion in clinical settings.
Methods
Participants
A total of 122 edentulous patients wearing upper and
lower complete dentures and requiring new complete
dentures were enrolled (55 men, 67 women; mean age,
74.4 years). All participants were recruited from under-
graduate student treatment clinics at the University Hos-
pital of Dentistry, Tokyo Medical and Dental University
through 2009 to 2010. All participants could read and
respond in Japanese. Of these 122 participants, 28 were
excluded from the study as they did not complete the
questionnaire, and one participant was unable to attend
the study because of severe general condition. The
remaining 93 participants were included in the analysis
of internal consistency, discriminant validity and ability
to detect change (Table 1). From the 93 participants, 33
participants were randomly selected to investigate test-
retest reliability. The sample size and characteristics of
the participants in each investigation are presented in
Table 2. All participants gave their informed consent
prior to enrolment. The study was approved by the insti-
tutional ethics committee of Tokyo Medical and Dental
University (approval number 232). The patients were
treated by undergraduate students under faculty staff
supervision from the first visit. The technique for fabri-
cating complete dentures involved primary and second-
ary impressions, recording of jaw relationships using
occlusal rims, Gothic arch tracing, one or two trial inser-
tions, and delivery of the new dentures. After delivery of
the new complete dentures, adjustments to the dentures
were made until a prosthodontist judged that further ad-
justment was unnecessary.
Development of the patient denture assessment (PDA)
We previously developed and reported on our question-
naire for the self-assessment of dentures (Patient’s Denture
Assessment or PDA) [18]. The PDA was developed from
an original questionnaire comprising 39 question items
that assessed factors related to dentures. A total of 39
question items covering six factors were obtained by the
first factor analysis with Promax rotation. Sixteen ques-
tion items met the exclusion criteria and were thus
eliminated. Next, a second factor analysis with Promax
rotation was performed. Finally, six factors were identi-
fied. Question items that were similar to other factors
were eliminated and a few new question items were
Table 1 Distribution of patients’ previous and current
denture status according to upper and lower dentures
(N = 93)
Variable Upper denture Lower denture
Period of
edentulousness
<1 year 11 21
1 year≤ 3 years 2 4
3 years≤ 5 years 12 6
5 years≤ 10 years 13 12




1 – 3 74 65




<0.5 years 28 27
0.5 years≤ 10 years 33 35
≥10 years 32 31
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the questionnaire comprised 22 question items covering
six factors, which were classified as ‘function’, ‘lower
denture’, ‘upper denture’, ‘expectation’, ‘aesthetic and
speech’ and ‘importance’. Table 3 represents 22 question
items of the PDA, which were translated from Japanese
to English for this article. It hasn’t been translated ac-
cording to the guideline of translation. In the question-
naire, each item was measured using a 100-mm VAS,
which consisted of a horizontal 100-mm line anchored
by words representing the worst situation at the left ex-
tremity of the scale and words representing the best
situation at the right extremity.
Clinical measurements
All 93 participants were instructed to complete the PDA
twice: before replacement (Before-1 PDA), and on com-
pletion of denture adjustment after replacement (After
PDA). An additional PDA was performed before replace-
ment (Before-2 PDA) for 33 participants randomlyTable 2 Sample size and characteristics of the participants fo
Type of investigation N (male/female)
Internal consistency 93 (44/49)
Test-retest reliability 33 (15/18)
Discriminant validity 93 (44/49)
Ability to detect change 93 (44/49)selected among the 93 participants. The interval be-
tween Before-1 PDA and Before-2 PDA was two
months. Each subscale score was calculated by summing
the values of the question items corresponding to each
subscale. Moreover, the summary score of all the ques-
tion items was calculated.
Reliability and validity
Internal consistency of the PDA was assessed by Cronbach’s
α and average inter-item correlation. Before-1 PDA
scores from the 93 participants were used for an assess-
ment of internal consistency. Cronbach’s α for summary
score of 0.70-0.80 are considered satisfactory for a reli-
able comparison between groups and more than 0.90
are required for clinical usefulness of the instrument
[19]. The test-retest reliability was assessed by deter-
mining the interclass correlation coefficients (ICCs) and
95% confidence interval of the test-retest difference for
33 participants. Factor analysis is reported in previous
study [18]. To evaluate discriminant validity, we
assessed the difference between Before-1 PDA and After
PDA scores in 93 patients using a paired t-test. Values
of p < 0.05 were considered significant for the paired t-
test.
Ability to detect change
Effect size was used to investigate the ability to detect
change to the treatment. Ability to detect change to the
questionnaire was assessed in 93 participants by calcu-
lating the effect size. Effect size is one of the most com-
monly used methods for interpreting a change in scores
[20]. The effect size was evaluated by calculating the dif-
ference between the means of the summary scores of
Before-1 PDA and After PDA and dividing the difference
by the standard deviation (SD) of the summary scores of
Before-1 PDA [21]. To facilitate decisions regarding the
clinical importance of the observed change in the meas-
ure, some benchmarks have been proposed; a value of
0.2 or less, 0.5 and 0.8 or greater has been proposed to
represent low, moderate and high ability to detect
change, respectively [22].
Statistical analysis
Internal consistency of the PDA was assessed by Cronbach’s
α and average inter-item correlation. Test-retest reliabilityr each investigation
Mean age (years) Year of enrolment
75.0 2009 & 2010
74.5 2009
75.0 2009 & 2010
75.0 2009 & 2010
Table 3 Question items of the patient’s denture
assessment (PDA)
Subscale Questionnaire items
Function Q1. How much pain do you feel?
Q2. How easy is it for you to swallow
food boluses and water?
Q3. How well do you enjoy your meals?
Q4. How worn out does your jaw feel?
Aesthetics & speech Q5. How worried are you about
other people watching?
Q6. How easy is it for you to speak?
Q7. How worried are you about your mouth?
Q8. How often do your dentures click
when chewing?
Lower denture Q9. How often does food debris get stuck
under your lower denture?
Q10. How is your lower denture retained
on the ridge?
Q11. How does your lower denture fit?
Q12. How uncomfortable is your
lower denture?
Expectation Q13. How satisfactory will the new
dentures be?
Q14. How problematic will the new
dentures be?
Q15. How well will the new dentures fit?
Upper denture Q16. How often does food debris get
stuck under your upper denture?
Q17. How does your upper denture fit
Q18. How often does your upper
denture fall down?
Importance Q19. How much do you consider your
dentures as part of your body?
Q20. How important are your dentures to you?
Q21. How much can you care for your dentures
without any difficulty?
Q22. How at ease do you feel when wearing
your dentures?
Table 4 Mean values and standard deviations (SDs) for
before-1 and after patient’s denture assessment (PDA)
scores (N = 93)
Subscale Items Mean ± SD
Before-1 After
Function Q1 74 ± 30 83 ± 24
Q2 78 ± 24 87 ± 18
Q3 72 ± 28 83 ± 23
Q4 74 ± 29 87 ± 21
Aesthetics & speech Q5 67 ± 34 88 ± 20
Q6 66 ± 33 85 ± 22
Q7 58 ± 37 86 ± 21
Q8 60 ± 37 72 ± 31
Lower denture Q9 41 ± 35 70 ± 30
Q10 45 ± 34 77 ± 28
Q11 43 ± 35 82 ± 23
Q12 47 ± 36 79 ± 26
Expectation Q13 64 ± 38 87 ± 20
Q14 51 ± 40 80 ± 28
Q15 54 ± 42 82 ± 27
Upper denture Q16 60 ± 36 83 ± 24
Q17 71 ± 33 89 ± 18
Q18 72 ± 33 91 ± 17
Importance Q19 88 ± 23 90 ± 20
Q20 95 ± 11 97 ± 6
Q21 75 ± 26 84 ± 21
Q22 79 ± 27 88 ± 18
Before-1, questionnaire before replacement; After, questionnaire
after replacement.
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(ICCs) and 95% confidence interval. Discriminant validity
was assessed by a paired t-test between PDA scores before
and after treatment. Values of p < 0.05 were considered
significant for the paired t-test. Ability to detect change
was investigated by effect size. SPSS version 16.0 (SPSS
Japan, Tokyo, Japan) was used for all analyses.Results
Table 4 provides the mean and SD of the Before-1 and
After PDA scores. It’s notable that the some question
items in the ‘importance’ subscale exhibited a ‘ceiling ef-
fect’. In addition, the ‘lower denture’ and ‘expectation’subscales had lower means for the Before-1 PDA scores
than that seen with the other subscales.Reliability and validity
The Cronbach’s α score for all question items was 0.91
and fulfilled the criterion for clinical usefulness. For the
six subscales, it ranged from 0.56 to 0.93. The average
inter-item correlation for all question items was 0.59
and for the six subscales, it ranged from 0.28 to 0.83
(Table 5). The ICC of the summary score was 0.78 and
the ICCs of the six subscales ranged from 0.37 to 0.83
(Table 6). The results of the assessment of discriminant
validity are presented in Table 7. The paired t-test
showed a significant difference between the Before-1
PDA and After PDA scores.Ability to detect change
The mean summary scores changed from 1433 for the
Before-1 PDA score to 1850 for the After PDA score.
Table 5 Cronbach’s α and average inter-item correlation
coefficients assessed by Before-1 PDA scores (N = 93)
Scales Cronbach’s α Average inter-item
correlation coefficient





Lower denture 0.89 0.67
Expectation 0.93 0.83
Upper denture 0.86 0.67
Importance 0.56 0.28
Before-1, questionnaire before replacement; PDA, Patient’s Denture Assessment.
Table 7 Results of the paired t-test for before-1 and after
patient’s denture assessment (PDA) scores
Scales Mean ± SD P
Summary score Before-1 1433 ± 430 < 0.00
After 1850 ± 340
Function Before-1 298 ± 93 < 0.00
After 340 ± 74
Aesthetics & speech Before-1 251 ± 116 < 0.00
After 331 ± 73
Lower denture Before-1 176 ± 122 < 0.00
After 307 ± 93
Expectation Before-1 169 ± 113 < 0.00
After 249 ± 69
Upper denture Before-1 202 ± 90 < 0.00
After 263 ± 43
Importance Before-1 336 ± 59 < 0.00
After 360 ± 48
Before-1, questionnaire before replacement; After, questionnaire
after replacement.
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430 and the effect size for the summary score was 0.97.
Discussion
In the present study, both the reliability assessed by in-
ternal consistency and test-retest reliability and the val-
idity assessed by discriminant validity of the PDA were
satisfactory. Therefore, the PDA is suitable for use in
clinical settings.
The internal consistency of the PDA was assessed
using two measures: average inter-item correlation and
Cronbach’s α. Cronbach’s α is computed from the SDs of
the question items and the SD of the total scores. As the
difference between the SDs for question items of a sub-
scale becomes larger, the Cronbach’s α of the subscale
decreases [23]. In the PDA, each subscale comprised
three or four question items, which often resulted in a
smaller value of Cronbach’s α in each subscale. Never-
theless, five out of the six subscales presented with a
value of 0.8-0.9. Only the ‘importance’ subscale pre-
sented with a low Cronbach’s α of 0.56.
It is important to note that, in this study, in describing
the importance of dentures, Q20 exhibited a ‘ceilingTable 6 Test-retest reliability assessed by before-1 and
before-2 patient’s denture assessment (PDA) scores
(N = 33)
Scales ICC 95% CI
Summary score 0.78 [0.61, 0.89]
Function 0.74 [0.54, 0.86]
Aesthetics & speech 0.77 [0.69, 0.91]
Lower denture 0.83 [0.46, 0.83]
Expectation 0.37 [0.03, 0.63]
Upper denture 0.69 [0.59, 0.88]
Importance 0.59 [0.32, 0.77]
Before-1, questionnaire before replacement; Before-2, second questionnaire
before replacement within 2 months of the first; After, questionnaire after
replacement; ICC, interclass correlation coefficients CI, Confidential Interval.effect’. This was because all patients had used complete
dentures previously and required new dentures, thus
complete dentures were important for them. For this
reason, the SDs of Q20 were small for most of the pa-
tients as compared with that in the other three question
items for this subscale. Moreover, the difference between
the Before-1 PDA and After PDA scores mean values of
Q21 or Q22 was large with wide variance. On the other
hand, the difference of Q19 or Q20 was small with nar-
row variance. The question items of Q21 and Q22 were
added after second factor analysis. Thus, the directions
of the construct of Q19 or Q20 might be different from
Q21and Q22. These led to a small Cronbach’s α, the
average inter-item correlation and the impact in the ‘im-
portance’ subscale. By comparison, the highest average
inter-item correlation coefficient was in the ‘expectation’
subscale. It is likely that Q13 and Q15 (Table 3) deliver
similar content, which may account for the highest score
of the average inter-item correlation coefficients in the
‘expectation’ subscale.
The ICCs of the test-retest reliability for the ‘expect-
ation’ and ‘importance’ subscales were low as compared
with other studies [10,11]. The reason for this discrep-
ancy may be that the interval between the test-retest in
our study was 2 months while other studies used a 1- or
2-week-interval. The ‘expectation’ subscale consisted of
question items related to expectancy of improvement
with new dentures and the ‘importance’ subscale con-
sisted of question items related to the importance of
dentures to patients, depending on the patients’ percep-
tion. The 2-month interval was sufficient time to en-
hance the relationship and trust between the patients
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pectation perceptions to new dentures and the import-
ance of wearing dentures.
For the assessment of validity, there was a significant
difference in the summary score and the six subscale
scores before and after replacement of new dentures.
Thus, it is suggested that the PDA can detect differences
in patients’ self-assessment between previous and new
dentures.
The ‘lower denture’ and ‘expectation’ subscales had
lower means for the Before-1 PDA scores than that seen
with the other subscales. This suggests that most of the
participants selected for the study wore insufficient
lower dentures and they had low expectations for the ef-
ficacy of their new dentures. Table 1 shows larger num-
ber of patients whose period of lower edentulousness
was less than one year than upper edentulousness.
Moreover, the previous study has shown that patients
have a lower expectation for their new dentures when
their rating for their previous dentures is low [24].
Therefore, it is suggested that shorter period of edentu-
lousness and insufficient dentures might cause problems
with lower dentures and following low expectations in
the study.
In the present study, the effect size was 0.97. Accord-
ing to the already-described statement, it is suggested
that 0.97 of the ability to detect change in the study rep-
resents high ability to detect change. The PDA after
treatment was requested after the dentures had been
completely adjusted, with all participants given adequate
time for these adjustments. Thus, the negative effects of
the previous dentures were no longer present and posi-
tive effects of the new complete dentures might explain
the large effect size reported in the study.
This study demonstrated good reliability and validity of
the PDA. Thus, this questionnaire could help dentists ob-
tain a detailed understanding of the patients’ perceptions
in using their dentures, which is considered valuable infor-
mation for dentists when designing new dentures. In our
previous study, we demonstrated that sufficient retention
of lower dentures and appropriate appearance would lead
to improved OHRQoL in edentulous patients who had
previously been wearing insufficient lower dentures and/
or dentures with an unsatisfactory appearance [18]. The
PDA can be thus applied in the clinical situation. How-
ever, dentists should carefully interpret the results specific
to the ‘importance’ subscale because of the ‘ceiling effect’
and the possibility of the difference direction between
Q19 or Q20 and Q21 or Q22 seen in this study.
All participants in the study were recruited in a uni-
versity hospital setting. Therefore, the reliability and val-
idity of our test must be extrapolated to the general
population besides patients in university hospitals. In
addition, the questionnaire is presently written in Japaneseonly. It is recommended that the questionnaire is trans-
lated into other languages and evaluated for its reliabil-
ity and validity with a view for its wider implementation
in future studies.
Conclusions
When used among edentulous patients requiring new
complete dentures, the PDA demonstrated good reliabil-
ity by assessing internal consistency and test-retest reli-
ability. In addition, the PDA demonstrated good validity
by assessing discriminant validity.
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